Mucous connective tissue in adult animals is found, as is well known, in the dental pulp where the extracellular substance is abundant and the tissue has a gelatinous consistency.
To date, electron microscope observations on the dental pulp are numerous.
A very and H a n (1961) investigated on the formation of collagen fibrils in the dental pulp of a newborn hamster, and H a n, A very and Hale (1965) studied on the differentiation of the fibroblasts in the incisor pulp of the guinea pig. Tooth germ was also investigated electron microscopically by Avery and Watson (1954), Lenz (1959), Nakamura et al. (1959) , Reith (1960 Reith ( , 1961 Reith ( , 1962 and Pannese (1962). Very recently R e i t h's work dealing with the fibrogenesis in developing molar teeth of rats appeared (1968) . Aside from these observations, however, little is known about the formation and differentiation of the extracellular substance of the dental pulp. In view of this, the present study is concerned with the differentiation of the fibroblasts and the histochemical characterization of the matrix substance of the developing pulp, especially in the field of fine structure.
Material and Methods
The tooth germ of the lower incisor obtained from rat embryos aged 14-, 16-and 19 days and the dental pulp of the lower incisor from newborn rats were fixed in 2% osmium tetroxide buffered to pH 7.2 with s-collidin or veronal acetate-HCI.
They were then dehydrated in alcohol and embedded in Epon 812 by the method of Takashio (1963) . An alternate means of fixation was also tried, namely phosphate-buffered glutaraldehyde (2%) followed by osmium 241 242 Akira Motoya tetroxide.
The tooth germ examined in the electron microscope could be located in the adjacent thick section by phase contrast microscopy or toluidin blue-staining.
Thin sections were stained with 1% uranyl acetate in 0,2% butyl alcohol (C) hk ur a and T a k a shio 1966) and examined in a Hitachi electron microscope HU-11A.
For the light microscopy, materials were fixed in 10% formalin, H e 1 1 y's fluid and C a r no y's one, and embedded in paraffin.
Sections were stained with hematoxylin-eosin, by Az an method, G o m o r is silver impregnation method, • and by the periodic acid-SCHIFF reaction.
Alcian blue SGS-PAS sequence was also tried.
Results and Discussion
In 14 days embryo, the oral epithelium has begun to extend into substance of the primitive gum ; dental lamina is formed which is surrounded by immature mesenchyme cells, As shown in Fig. 1 , a layer of amorphous substance of moderate electron density (20-40 mp in thickness) deposits in the vicinity of the basal cell surface of the dental lamina (DLE). This amorphous coating (Ac) is separated from the basal cell surface of the epithelium by an electron-lucent thin layer of about 50 mp. Filaments (f) of 5-10 mp in diameter are visible in areas closer to the basement membrane.
In the deeper layer of primitive mesenchyme, however, accumulation of the intercellular amorphous substance
is not yet verified. Under the light microscope, the basal plasma membrane of the epithelium of the dental lamina takes the red-purple colour with the periodic acid-SCHIFF reagents.
The mesenchyme cells are characterized by a large nucleus surrounded by a scanty amount of cytoplasm which gives feebly positive PAS reaction. The cytoplasm of the mesonchyme cells (MC) is crowded with free ribosomes frequently forming clusters of 5-10 particles, whereas the flattened rough surfaced endoplasmic reticulum is poorly developed.
Small vacuoles (about 150 mp in diameter) scatter in the cytoplasm and sometimes appear to contain concentrations of materials. Mitochondria reveal welldefined cristae and contain a relatively great amount of intercristal matrix.
In Golgi zone small vesicles are prominent, whereas fiattened sacs are few in number.
On the 13. day, enamel organs are formed an inner and an outer enamel layer differentiate, and between them is a filling of looser cells (enamel pulp).
As seen in Fig. 2b , mesenchyme cells condense under the base of the epithelial tooth germ (dental papilla). served. In this section, intracytoplasmic fibrils (f') (about 10 mp in diameter) are remarkable around a perinuclear zone. In the extracellular spaces (Fig. 6b) , collagen fibrils (about 50 mp in diameter) displaying 60-70 mp periodicity (F) are found. Filaments (f) with a periodicity of about 25 mp are also visible immediately adjacent to the cell surface, and an amorphous material of appreciable electron density deposits among these filaments (Fig. 6b) . Now it should be mentioned that in the light microscope preparations the bulk of fibres (about 0.5p in diameter) are electively impregnated with silver by G o m o r is method and stain faint red with A z a vs connective tissue stain, though the pulp contains in fact a considerable number of collagen fibres at this stage of the development ; conceivably most of these fibres have much the same properties as the primitive reticulin fibres. Fig. 7a represents an area of mid-pulp of an adult rat. The most important aspects of this micrograph is the presence of large number of clusters of ribosomes and dilated granular endoplasmic reticula.
In the vicinity of the cell borders a large quantity of extracellular substance with filamentous appearance (f) is observed. Collagen fibrils (F) with 60-70 mu periodicity (about 30 mp in diameter) are also seen but in fewer numbers (Fig. 7b) .
At the growing end of the dental pulp of adult rats, a great number of connective tissue cell (MC) exists.
They are usually polygonal in shape, and the major elements of the cytoplasm are well developed cisternae and Golgi complex. In addition of collagen fibrils, a large quantity of intercellular matrix substance is observed. Application of periodic acid-thiosemicarbazide-osmium tetroxide method reveals electron-opaque granules (g) abundantly seen in their cytoplasm (Fig. 8b) . In additional specimens digested with p-amylase previously, no reaction products can be seen (Fig. 8c) . From the evidence presented, these particles loaded with electron-opaque reaction products are interpreted as glycogen granules. Conceivably, tissue carbohydrate like glycogen plays also an important role in the mechanism by which synthesized polypeptide subunits are transported to the Golgi complex where carbohydrate subunits are incorporated into collagen precursors.
On the other hand, it is a well-known fact that the intercellular matrix in the incisor pulp is intensely metachromatic Therefore, the following procedure was decided on in order to demonstrate an alcianophilic external coating of the cells under the electron microscope ; an incisor pulp previously fixed in glutaraldehyde and stained with alcian blue was postosmicated and observed with the electron microscope. Contrast enhancement at external coats of the cell membrane, however, can not be recognized. Relevant to this is the observation which has been made by 0 h k u r a (1965, 1966) : When a solution of alcian blue is intravitally perfused into the anterior chamber or the cavity of knee joint, electron-opaque aggregates are observed both on the surface of trabecula endothelium and in the intercellular matrix of the synovial membrane. There is no evident explanation for these conflicting findings. However, it is probable that in the case of the dental pulp extracellular mucopolysaccharides-rich coating of cells has been readily removed during the procedures of specimen preparation and/or the concentration of reaction products is not sufficient to be demonstrable by the technique applied.
Finally, it would be interesting to find out whether the fibrillar components of the dental pulp differentiate during the postnatal life : Dental pulp from human individuals aged 10-, 19-, 27-, 35-, 38-, 50-and 59 years were used in this study. Materials were fixed in 10% neutral formalin for 24 hours. Frozen sections were treated with 1% solution of hyaluronidase preparation (pH 6.0) for 24 hours at 37°C. They were washed in distilled water and subsequently treated with 1% trypsin solution in order to remove the residue of the soluble mucoprotein. Fibrils were isolated by means of a blender and/or sonic oscillation. The specimens were stained with 10% uranyl acetate (UO2Ac) solution or 10% phosphotungstic acid (PTA) solution at room temperature for 10 minutes . Micrographs were taken at instrumental magnification of 8,000 to 10,000 and enlarged (32,000 x ).
As shown in Fig. 9a , microfibrils treated with PTA show the dense region (A) and the region of relatively low density (B) . The A-band measures about 35 mp in length and B-band was of the order of 30 Intl. On the other hand, UO,Ac-stained fibrils reveal six intraperiod bands (Fig. 9b) . In both A-and B-region two bands can be seen respectively (a and b, ei and e2) in particularly favorable preparations the intraperiod band a, b appear as doublets a, a2 and Electron
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Observations of the Developing Rat Dental Pulp 247 Table 1 . Distribution of the periodicity of fibrils from human dental pulps of different ages. Table 2 . Distribution of the thickness of fibrils of human dental null), b2. (Note the densitometer traces of electron micrographs in Figs. 9c and 9d !) In UO2Ac-stained materials, a mean periodicity is very similar to that of PTA-stained fibrils, and the distance between repeating units is in the range from 64 to 72 mp ; the A-band averages 36 mp in length and the B-band varies from 26 to 34 mp (Table  1) . Early electron microscope studies of collagen fibrils from a rat tail tendon suggest that the diameter and periodicity of fibrils increase with age (K a w am u r a 1955). Thus, we are unable to confirm his findings in the material from the dental pulp (10-59 years of age). Table 2 shows the distribution of fibril-thickness from 10 to 59 years of age ; a 10-year-old child indicates a widely disparate distribution, while most of counted fibrils of adults (19- (Table 3 ). Hence, it seems reasonable to suppose that the gradual diminution of the amount of interfibrillar substance occurs with age and the deterioration of such cement substance is involved. Table 3 . Distribution of the thickness of sonicated fibrils of human dental pulp.
Finally, it is concluded that the connective tissue cells of the dental pulp of an adult animal seem to maintain the embryonic appearance as far as the lower incisor of the rat is concerned, though the examination is carried out on the electron microscope level. In particular, fibril-elements of intercellular substance preserve the structural characteristic similar to the "reticular fibers ". On the other hand, interfibrillar cementing substance may undergo age changes leading to ultimate diminution and deterioration.
Summary
The formation of extracellular substance in the developing rat dental pulp was studied with the electron microscope.
In addition, the author using human materials investigated whether the fibrils of the dental pulp display further differentiation during the postnatal life.
1. In a rat embryo, dental lamina was formed on the 14. day of gestation.
The cytoplasm of the mesenchyme cells adjacent to the dental lamina is crowded with free ribosomes.
Flattened rough surfaced endoplasmic reticulum is found in fewer number. In the extracellular environment, fibrous type of intercellular substance was not yet verified.
On the 16. day, the feature of the mesenchyme cells resembled those observed on previous stage (14 days). Filaments of about 15 mp in diameter appeared in the vicinity of the cell borders.
2. On the 19. day the dentin formation has been initiated, and the mesenchyme cells of the dental papilla increased in number. They reveal polysaccharide-rich coating on the cell membrane and intracytoplasmic accumulation of glycogen granules. From this time on, collagen fibrils (about 30 mp in diameter) with banded structure appeared in the intercellular spaces. 3. Fine structure of dental pulp of a new-born rat showed similar appearance as observed in the embryonic life.
Light microscopy showed that the bulk of the fibres was argentophil and stained red with A z an connective tissue stain.
4. In the dental pulp of adult rats, connective tissue cells closely resembled in many aspects embryonic mesenchyme cells.
In addition to collagen fibrils (about 30 mp in diameter), a large quantity of matrix substance with filamentous appearance was visible.
5. The periodicity of isolated fibrils of human dental pulp is, regardless of age, in the range from 64 to 72 mp. The pulp obtained. from the young (10-19 years old) indicates a widely disparate distribution of fibril-thickness, while as the pulp gets older (50-59 years of age) thinner fibrils appear frequently.
Explanation of Figures   Fig. 1 . An electron micrograph of mesenchyme cell adjacent to the dental lamina. 14 days rat embryo. DLE : dental lamina, Ac : amorphous coating, f: filament, MC: mesenchyme cell. x 18,000. a. Alcian blue-PAS stain. An arrow indicates a thin layer of newly formed dentin typically PAS-positive. x 800. b. An electron micrograph of predentin and odontoblastic processes. PDE : predentin, ODB : odontoblast, F : microfibrils.
x 12,000. Fig. 4 . Mesenchyme cells in the dental papilla. 19 days rat embryo.
a. An amorphous material (AM) is found in the intercellular spaces. x 18,000. b. Alcian blue-PAS staining.
The cytoplasmic surface of the mesenchyme cells stains strongly alcianophilic.
x 800. The field in black corresponds to the densitometric tracing. b. Control specimen, devoided only of periodic acid treatment.
The cytoplasm shows no reaction products. Fig. 6 . Connective tissue cells of a rat dental pulp. 1. postnatal day.
a. Golgi complex (G) is well developed, and intracytoplasmic filaments (about 10 mp in diameter) (f') are evident within these cells. x 18,000. b. In the vicinity of the cell surface, fibrils (F) displaying a 60 mp periodicity and fine filament (f) are observed. x 18,000. Adult rat. a. Matrix substance (Mx) with filamentous appearance abundantly exists around the connective tissue cell. Endoplasmic cisternae (ER) and a large quantity of free ribosome (Rb) can be seen. x 18,000. b. Periodic acid-thiosemicarbazide-osmium tetroxide reaction. Granules (g) loaded with electron dense reaction products can be seen in the cytoplasm.
x 24,000. c. Control specimen : p-amylase digested previously.
No reaction products can be recognized. Fig. 9 . Electron micrographs of microfibrils of human dental pulp. a. PTA-stained fibril (x 32,000). b. UO2Ac-stained fibril ( x 32,000). c. Densitometric trace of a PTA-stained fibril ( x160,000). d. Densitometric trace of an UO2Ac-stained fibril ( x 160,000).
